Summary Parental smoking data have been abstracted from the interview records of the case-control study that first indicated that pregnancy radiographs are a cause of childhood cancer (Oxford Survey of Childhood Cancers, deaths from 1953 to 1955). Reported smoking habits for the parents of 1549 children who died from cancer were compared with similar information for the parents of 1549 healthy controls (matched pairs analysis). There was a statistically significant positive trend between paternal daily consumption of tobacco and the risk of childhood cancer (P < 0.001). This association could not be explained by maternal smoking, social class, paternal or maternal age at the birth of the survey child, sibship position or obstetric radiography. About 15% of all childhood cancers in this series could be attributable to paternal smoking.
A recent review of the published literature on childhood cancer risks and parental use of tobacco concluded that 'the associations between maternal smoking during pregnancy and childhood cancer have been studied intensively, but there is no clear association overall, or for specific sites' (Tredaniel et al, 1994) . The review also summarized information on paternal smoking from 13 case-control studies. Many of these studies were small in size and a total of only 1953 childhood cancers (varying diagnostic groups) formed the combined case series. The review concluded that no clear associations have been identified'.
A further four case-control study reports (additional combined series of 2772 cases) are now available, which include information on paternal smoking and childhood cancer risks (Severson et al, 1993; Shu et al, 1994 Shu et al, , 1996 Sorahan et al, 1995) . No association was found with maternal smoking in any of these reports but, in three of them, positive associations were found for paternal smoking (Shu et al, 1994 Sorahan et al, 1995) . In the largest of these studies, reported consumptions of alcohol and tobacco for the parents of 1641 children who died from cancer in England and Wales during the period 1977-81 were compared with similar information for the parents of 1641 healthy control children (Sorahan et al, 1995) . These data were obtained from the interview records of the Oxford Survey of Childhood Cancers (OSCC) and relations between maternal consumption of cigarettes and birth weights indicated that the (maternal) smoking data were equally reliable for case and control parents. For mothers, consumption of cigarettes was not shown to be associated with an increased risk of childhood cancer, whereas there was a statistically significant positive trend (P < 0.001) between daily consumption of cigarettes by fathers and childhood cancer risks. Earlier OSCC data have, therefore, been revisited to seek further information on this topic.
MATERIALS AND METHODS
The OSCC, a nationwide case-control study into the aetiology of childhood cancer, is one of the largest case-control studies in the history of medicine (Stewart et al, 1958; Gilman et al, 1988 . A number of standard questionnaires, covering a wide range of social and medical topics, have been used during the course of this prolonged study. Data on parental smoking habits are not available for all years of the study, but such information is available in the interview records relating to deaths from 1953 to 1955. Preliminary analyses of these data were published many years ago, but the amount of smoking was not considered (Stewart et al, 1958) .
There were 1952 childhood cancer deaths in England, Wales and Scotland for the period 1953-55. Interview data had been obtained from the parents of 1631 (83.6%) of these children. Parents of 112 case children had refused to participate with the survey, a further group of 94 case parents had moved abroad or to an unknown address, and the remaining 115 case parents had not replied to survey requests, their general practitioner had advised the survey not to approach them, or arrangements to carry out interviews had fallen through. The response rate from case parents approached was thus 87.8% [1631/(1952-94) ]. Some 16% of the interviewed case parents had moved local authority area between the birth and death of the survey child.
For each case child with interview data, a 'control list' of six children, matched for sex and date of birth, was selected from the birth register of the local authority area in which the case child died. Control parents were contacted in turn until one control family agreed to be interviewed. Interview data were obtained for 1622 control children (907 first choices, 342 second choices and 373 later choices). Only 56% of first choices may seem a low percentage but the birth registers from which the controls were selected had been compiled, on average, six or seven years before the survey began and about 25% of the required control families were found to have definitely left the district; only 6% of the control mothers approached refused to cooperate with the survey (Stewart et al, 1958) . For some 94% of the 1622 matched pairs, the case and control parents within each pair were interviewed by the same person, usually a physician or nurse from the local health authority. For the remaining matched pairs, the case parents had moved locality between the death of the child and the time of the interview, and different interviewers were used for case and control parents.
For the purpose of this report, the interview folders of all matched pairs were reviewed and information on parental use of tobacco was abstracted and amalgamated with existing study computer files. The interview questionnaire requested responses in terms of 'nil', 'slight', 'moderate', or 'heavy' and the definitions of these terms as supplied to the interviewers are summarized in Table 1 . The question was directed at current rather than past smoking habits, and for fathers, responses could refer to use of cigarettes or pipe tobacco. After excluding 20 matched pairs in which the case child was adopted and 53 matched pairs in which smoking information was not sought, case and control data relating to tobacco consumption (1549 matched pairs) were compared (with and without adjustment for other variables) by means of (multiple) conditional logistic regression using the EGRET program. The odds ratio was used to obtain estimates of British Journal of Cancer (1997) 75(1), [134] [135] [136] [137] [138] 0 Cancer Research Campaign 1997 All sites 1-10 1.9
(0.9-3.9) (1997) 75(1), [134] [135] [136] [137] [138] independent effects of each variable can be examined. Relative risks for moderate and heavy smoking by mothers were reduced by the inclusion of potential confounding variables, whereas those for moderate and heavy smoking by fathers were increased. None of the point estimates of relative risk shown for mothers in the final columns of Table 1 was statistically significant, whereas relative risks for both moderate and heavy smoking by fathers were statistically significant (P < 0.05). In addition, the positive trend between amount of maternal smoking (four levels, nil to heavy) and childhood cancer risk was not statistically significant (P = 0.09), whereas the corresponding trend for paternal smoking was highly significant (P < 0.001).
The analysis summarized in the final column of Table 1 was repeated for those 1291 matched pairs in which the case parents (and by definition, the control parents) had not moved local authority area between the birth and death of the survey child. Similar results were obtained (point estimates of relative risks for paternal smoking habit were as follows: slight, 1.02; moderate, 1.25; heavy, 1.55).
Relative risks associated with paternal and maternal daily smoking habits are shown for ten diagnostic groups in Table 2 . To enable a summary to be given in a single table, relative risks for a change of one smoking level are provided. All confidence intervals for the site-specific relative risks include the corresponding point estimate of relative risk for all types of childhood cancers combined.
The role of interactions between maternal and paternal habits is examined in Table 3 , which shows moderate or heavy use by neither parent, mother only, father only, and both parents, with and without the adjustments described above. Statistically significant risks are shown for father only and for both parents; the point estimate of relative risk for both parents (1.70) was much higher than for father only (1.30).
DISCUSSION
The study provides more convincing evidence of an effect from paternal smoking than from maternal smoking though very few mothers (66 cases and 63 controls) reported 'moderate' or 'heavy' smoking in the absence of the same claim for the relevant fathers.
The majority of childhood cancers have prenatal origins (MacMahon and Levy, 1964; Kneale and Stewart, 1977) , and analyses of childhood cancer in twins suggest that determining events of these diseases have to be experienced both by the zygote (or the germ cells giving rise to the zygote) and by the fetus (or child) (Knox et al, 1984) . It follows that, if the observed smoking association is causal in nature, this might be caused either by the effects of smoking on sperm or the effects of passive smoking on young infants, or both. However, any effect of passive smoking would tend to involve mothers more than fathers and other studies have shown that maternal smoking is unlikely to be an important risk factor (Severson et al, 1993; Tredaniel et al, 1994; Shu et al, 1994 Shu et al, , 1996 Sorahan et al, 1995) .
A role for paternal preconceptional smoking on childhood cancer risks is biologically plausible and there is no reason to believe that such a risk factor would only apply to certain types of childhood cancer. Indeed, a variety of genetic diseases in newborns might also be expected. It is well known that urine of smokers contains carcinogenic substances and that smoking per se is associated with an increased risk of malignancy (Doll and Peto, 1981) . It is further well established that blood lymphocytes of smokers show significantly increased chromosome damage as evaluated by molecular cytogenetics technology (Vijayalaxmi and Evans, 1982; Tawn and Binks, 1989) . In addition, it has been demonstrated recently that smokers have raised levels of chromosome aberrations in sperm (Wyrobek et al, 1995) and that smokers have increased oxidative damage in sperm DNA (Fraga et al, 1996) . If paternal smoking is affecting childhood cancer risks via the production of mutated sperms, a hereditary risk ought to carry through to the offspring of the survivors of childhood cancer. The expression of this risk would clearly depend on the mode of genetic transmission and the penetrance of the defective gene. The three larger cohort studies of cancer in the offspring of survivors of childhood cancer together comprise about 4000 offspring (Li et al, 1979; Mulvihill et al, 1987; Hawkins et al, 1989 ;) but provide little suggestion of hereditary risks. In these studies, 'when inherited retinoblastomas and a family with Sipple's syndrome were excluded there were only seven cases [of cancer in the offspring]. About five cases would have been expected...' (Hawkins 1994) . The point estimates of site-specific risks provided by the earlier OSCC findings (Sorahan et al, 1995) are quite different to those contained in the present report. However, if paternal smoking has a discernible risk on the childhood cancers overall, then inconsistency is not a problem; the variation in the ranking of site-specific risks from study to study may represent no more than chance fluctuations. It does not follow, of course, that each and every type of childhood cancer is necessarily affected by paternal smoking.
One key issue in evaluating the importance of these findings is the reliability of OSCC data. Unfortunately, data on birth weights of the case and control children were not available, and consequently, no independent check on the likely reliability of the maternal smoking data was possible. For the fathers' smoking habits there is no comparable test. The interviews were carried out in the period 1955-58, a period well before concerns about the health effects of smoking became a media topic and 'stop smoking' health campaigns were commonplace. Consequently, there was probably little difference between paternal smoking habits at the time of the interviews and earlier habits, and the reported smoking habits are likely to be more reliable than those available to more recent studies. The possibility of differential reporting between case and control parents remains. Other issues also need to be considered. The study achieved a very good response rate (for case-control studies), but the effects of having to ignore the non-responders are not known. The method of selecting controls means that 'mobile' families would tend to be underrepresented in the control series and it is possible that 'mobile' fathers smoke more than the average. Analyses restricted to 'non-mobile' cases however, produced similar findings. It seems unlikely that the inclusion of childhood cancer survivors would have led to materially different results for two reasons. Firstly, in the 1950s, only a small percentage of children diagnosed with cancer before the age of 16 years survived past their sixteenth birthday; and secondly, it seems unlikely that the findings for paternal smoking could be an artifact caused by paternal smoking increasing cancer mortality rates in children diagnosed with cancer.
Caution is required. There is no convincing example of an environmentally induced paternal preconception risk factor for childhood cancer. In this area of research, paternal preconception exposure to external ionizing radiation provides a recent example of an initial finding of potential importance (Gardner et al, 1990 ) that failed to be replicated in later studies (Doll et al, 1994) . The paternal preconception smoking hypothesis may suffer the same fate, but this study does provide further evidence to support it. A summary of the available published literature (current study included) is shown in Table 4 . Many of the studies are small, and any meta-analysis of the data would be dominated by the positive findings of the two OSCC reports. The studies also refer to different age-groups and different site groupings. Nevertheless, the pooled estimates of risk shown in the Table 4 indicate that results for fathers cannot easily be dismissed as chance findings. Such pooled estimates can, at best, only give a precise estimate of the bias, confounding or causal effect, which is operating in the constituent studies, and not causal effect alone. What is needed is more information. The patemal smoking data available to many case-control studies of childhood cancer have not yet been fully analysed and reported. Even more useful would be the results of new, large case-control studies and analyses of cancer in the offspring of subjects whose smoking habits were collected in contexts other than case-control studies.
If the relative risks provided by these early OSCC data are accurate, then approximately 15% of all the cancers in this series might be attributable to paternal smoking.
